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Abstract 
The solution of the modeling test presented in the paper is based on an uncoupled hydro-mechanical approach. Firstly, the 
controlled infiltration process is modeled by a finite element transient groundwater seepage software. Afterwards,  calculated 
pore water pressures at successive instants are used for the slope stability analysis. Time evolution of the slope stability is 
analysed by using the infinite slope model, according to the classical limit equilibrium method. 
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1. Introduction  
On occasion of the Third Italian Workshop on Landslides, a Round Robin session was organized in order to 
simulate the results of a controlled infiltration experiment in a slope model made of pyroclastic soil reconstituted in 
a purposely devised laboratory flume test. To this aim, several research groups were asked to predict the time, from 
the starting of the infiltration process, necessary to trigger the failure of the model slope. In particular, sets of data 
relative to two experiments, labelled as D3 and D4, were provided for the calibration of models used in the 
simulation of the experiment, labelled as C4. Details of the experimental setup, including geotechnical 
characteristics of reconstituted soil and geometry of model slope are presented in the introductory paper of the 
organizers1. 
In this paper, results obtained by modelling the experiment by a simple uncoupled analysis are presented. In the 
adopted procedure, pore pressures, calculated at different instants of the transient infiltration, were used to calculate 
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the factor of safety of the slope according to the classical equilibrium limit method. Time evolution of pore water 
pressures in the slope was modelled by a finite element software enabling seepage analyses under saturated and 
unsaturated conditions in a non deformable soil2.Transient flow analysis assumed a 2D dominium represented in the 
vertical plane by a uniform slope having: inclination on the horizontal, D = 40° ; depth, H = 10 cm; total length L = 
1÷1.2 m.  
Selected mesh was made of quadrilateral elements having a height equal to 2 mm and a length equal to 10 mm. 
Preliminary analyses proved that dimensions of mesh elements did not affect calculated pore pressure values. Initial 
conditions were fixed assuming a constant pressure head in each node, corresponding to mean suction measured in 
the flume tests, before starting infiltration. Boundary conditions assumed for the transient analysis (time steps equal 
to 5 seconds) were (Fig. 1a): on the slope surface unit flux q equal to the rainfall intensity, qrain, but ponding was not 
allowed ( uw because when the flux is greater than the potential infiltration of the soil the excess of water flows 
on the slope as run-off; q DQGSRUHZDWHUSUHVVXUHlower or equal to zero on the down slope side; null unit flux q 
= h / n = 0 (where h is the total head and n is the unity vector normal to surface) on the bottom and upslope side.  
Except for a short distance, from the top and toe lateral boundaries, pore water pressure distribution resulted be 
the same in every slope vertical section. Therefore, the infinite slope conditions (that is equal distribution of effective 
stress and pore water pressure on any vertical section) can be considered verified by the model. 
Calculated pore water pressures were used to evaluate, by the equilibrium limit method (MEL) and on the 
hypothesis of infinite slope, the slope safety factor (F). According to MEL, a rigid-perfectly plastic behaviour and a 
Mohr-Coulomb criterion modified to account for unsaturated conditions3 were assumed for the slope model. It was 
supposed that onset of slope failure developed under drained conditions. Of course, the slope failure condition was 
assumed when calculated factor of safety was equal to one. According to the layout shown in Fig. 1b, where z is the 
depth of failure surface, the factor of safety F was calculated according to the following equation:  
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Fig. 1. Boundary conditions for FEM transient seepage analysis (a), and geometrical parameter definition for infinite slope stability analysis (b).  
2. Parameters model 
The slope model was made of loose pyroclastic ashes outcropping in the Cervinara site. Geotechnical 
characteristics of the tested soil and experimental details of the three tests to be modelled, are widely discussed in the 
introductory paper by the Round Robin organizers. However, some considerations on the used material 
characteristics are useful in order to choose soil parameters for the experiment modelling. Fig. 2a reports 
experimental data related to the material retention properties in terms of volumetric water content Tw versus matric 
suction s, obtained using different experimental techniques. Collected data were obtained from: pressure plate tests 
on reconstituted cylindrical samples (diameter 70 mm, height 20 mm); infiltration and evaporation tests on 
reconstituted prismatic samples (dimensions equal to 150 x 100 x 150 mm); measurements of volumetric water 
content values at the end of equalization stages in suction controlled triaxial tests on undisturbed cylindrical samples 
(diameter 70 mm, height 140 mm). In the diagram volumetric water content and matric suction values measured by 
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B: q = h/n = 0; 
C: q = h/n = 0; 
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using tensiometers and TDR probes, located at different depths within the slope during D3 and D4 tests, are also 
presented. Collected data show that the material retention properties are not affected by hydraulic hysteresis, because 
data relative to wetting and drying paths are almost equal. However, it is clear that experimental points depict two 
different water retention curves for matric suction lower than 30 kPa. This difference can be consequent to different 
density of the reconstituted soil in the tested model slopes. In fact, with reference to D3 and D4 tests, the mean value 
of soil porosity n was equal to 0.75, while soil porosity in the experiment C4 was 0.65. Experimental points 
represented in Fig. 2a were interpolated by using the equation (2) proposed by Fredlund and Xing4, where Ts is the 
volumetric water content at saturation (equal to porosity n), e LVWKH1HSHUR¶VQXPEHUs is suction and a, b and m are 
fitting parameters, determined by the least squares method. 
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Fig. 2. Water retention curves (a), and permeability functions (b). 
 
Fig. 3. Saturated permeability in function of mean effective stress (a); normal compression line (b).  
 Theoretical curves interpolate experimental data very well, and they show the strong influence of soil porosity 
on the retention behaviour for matric suction lower than 30 kPa. Because capillarity is the governing retention 
mechanism, as porosity decreases, mean diameter of pores decreases and consequently the air entry value of the 
material increases. On the basis of these considerations, it can be argued that samples used in laboratory tests, for 
investigating retention properties, were reconstituted at the same porosity of undisturbed volcanic ashes having, 
generally, mean porosity n equal to 0.67.Very similar results, in terms of suction and volumetric water content, can 
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be obtained from experimental data presented by Ferrari et al.5, who investigated microstructure and retention 
properties of a volcanic ash in the range of porosity n = 0.57÷0.62. 
Permeability of saturated ashes were investigated by means of tests carried out on undisturbed saturated samples 
in conventional triaxial cells at different mean effective stress p৯ . Experimental data, reported in Fig. 3a, show the 
strong dependence of saturated permeability on mean effective stress. In order to estimate mean effective stresses 
corresponding  to material  porosity in the experimental slope models, the NCL was extrapolated  from  the results of 
an isotropic compression test, as shown in Fig. 3b. Calculated p৯  values were used to evaluate saturated material 
permeability (Fig. 3a). Afterwards, unsaturated hydraulic conductivity functions, reported in Fig. 2b, were obtained 
using the method suggested by Fredlund and Xing4. 
Finally, shear strength of the unsaturated volcanic ashes was characterized by M' = 38° and by an intercept 
cohesion c, which depends on applied suction according to the equation6: 
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where c৯  = 0  and c* is a fitting parameter, determined by the least squares method, equal to 12.1 kPa. 
3. Modeling results 
In Fig. 4a and Fig. 4b pore water pressures, measured at the bottom (deep tensiometers) and at the middle height 
(superficial tensiometers) of the flume tests, are compared to pore water pressures calculated at the same depths in 
the median section of the model slopes, in test D3 and D4, respectively. 
  Fig. 4. Time evolution of pore water pressures measured and modelled  for test D3 (a) and test D4 (b).  
With reference to test D3, calculated pore pressures at the flume bottom reproduce experimental values very 
well7KH ³GHHS VLPXODWLRQ´ FXUYH WKDW LV WLPH HYROXWLRQ RI FDOFXODWHG SRUH SUHVVXUHV DW WKH ERWWRP VWD\V LQ the 
range delimitated by the experimental curves. However, the VLPXODWHG ³VXSHUILFLDO´ FXUYH VKRZV D IDVWHU SRUH
pressure increase than the observed one, suggesting that assumed permeability value in the model was greater than 
the one in the experiment. This could be a consequence of the initial suction values assumed in the model as 
constant and equal to the mean suction value measured by tensiometers before the infiltration flow starting. A very 
good agreement between experimental and simulated pore water pressure evolution was obtained for the test D4. In 
this case the increase of pore water pressure in both tensiometers, as a result of advancing wetting front, is very fast. 
This process is well VLPXODWHG DOWKRXJK ³GHHS VLPXODWLRQ´ LV slightly late compared to experimental evolution. 
However, the final conditions are well reproduced, and for both experiments an almost complete soil saturation is 
achieved. 
Time evolution of the factor of safety, calculated according to Eq. (1), for D3 and D4 tests is shown in Fig. 5. 
After few minutes the factor of safety starts to decrease and it decreases more rapidly when the wetting front 
approaches the flume bottom. F reduces much lower than one, when pore pressures begin to be positives. In 
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conclusion, failure is triggered at the bottom of the flume after 34.4 minutes for test D3 and after 35.3 minutes for 
test D4. Because failure occurred after 36 minutes in test D3 and after 30 minutes in test D4, it is evident that the 
adopted model can be considered satisfactory in the first test simulation, while it significantly overestimates failure 
time in test D4. The contrasting results can be explained considering that in experiment D3 water infiltration did not 
cause appreciable soil volumetric deformation before failure, while in experiment D4 evident surface settlements 
were observed as infiltration progressed. Of course the uncoupled approach is not able to model the collapse of 
structure upon wetting that can be considered responsible for the slope failure in test D4.  
Modelling results of the Round Robin test C4 are shown in Fig. 6a, as evolution of pore water pressure, and in 
Fig. 6b, as evolution of the factor of safety. The wetting front reaches the depth of superficial and deep tensiometer 
after 6 and 16.5 minutes, respectively, when suction begins to reduce. Suction decrements evolve at lower rates in 
comparison with the D3 and D4 tests, according to the different retention curves and permeability of the tested 
materials. The two pore water pressure curves approach (difference lower than 1 kPa, Fig. 6a) a few minutes before 
the failure time, that in this case was 38.5 minutes after the infiltration began. 
  
Fig. 5. Evolution of factor of safety with time for D3 and D4 tests. 
 
 
Fig. 6. Pore water pressure (a) and factor of safety (b) evolution with time for the Round Robin test C4. 
4. Conclusions 
Presented results are very evident: uncoupled hydro-mechanical approaches are not able to grasp significant 
aspect of the soil behaviour when it depends on the coupling between retention and mechanical properties, and when 
significant volumetric deformations develop before soil failure. However, with reference to the pore water pressure 
time evolution and failure time, the presented results are not very different from the experimental data relative to the 
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D3 and D4 tests. In this respect, the utility of the proposed simplified approach should not be underestimated, 
because the proposed approach is simple and can be used to perform systematic analyses of conditions triggering 
slope failure, in order to evaluate possible critical climatic or environmental conditions. 
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